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% ALICE pp jet x-section measurements and pQCD calculation

“Inclusive jet spectrum for small-radius jets”, arXiv:1602.01110
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Figure 15. Comparison between a range of theoretical predictions for the inclusive jet cross-
section ratio and data from ALICE at /s = 2.76 TeV [13]. The left-hand column shows NLO-
based comparisons, while the right-hand one shows NNLO g-based comparisons. Rectangular boxes
indicate the size of systematic uncertainties on the data points, while the errors bars correspond to
the statistical uncertainties.

ALICE pp jet x-section measurements, in particular at lower
jet energies, can be used to constraint (N)NLO corrections

Jet WS BNL 2016 (J. Putschke for the ALICE Collaboration)



% (Charged) Jet (Q)Rprr Vs Centrality

arXiv:1603.03402 (submitted to EPJC);
Detailed discussion of centrality biases in Phys. Rev. C 91, 064905 (2015)
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% (Charged) Jet (Q)Rprn Vs Centrality

arXiv:1603.03402 (submitted to EPJC);
Detailed discussion of centrality biases in Phys. Rev. C 91, 064905 (2015)
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% Jet Structure Ratio in pPb collisions vs Centrality

arXiv:1603.03402 (submitted to EPJC)
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Jet Structure (Ratio: R=0.2/R=0.4) consistent with pp expectations
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Di-Jet k1y In pPb collisions
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Di-Jet k1y consistent with Pythia predictions — for large Q2 mainly sensitive
to the increased available phase-space for QCD radiation processes
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@ Di-Jet kiy in pPb collisions
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Di-Jet k1y consistent with Pythia predictions — for large Q2 mainly sensitive
to the increased available phase-space for QCD radiation processes

No centrality dependence observed in pPb collisions

Jet WS BNL 2016 (J. Putschke for the ALICE Collaboration)



s (Light flavor) PID in Jets in pPb
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Lambda to K ratio in jets significantly lower than inclusive;
consistent with Pythia expectations (and PbPb results)
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% Summary of pPb: Emphasis on Jets

PLB 719 (2013), pp. 29-41
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Interesting, collective(?)
behavior at low pr seen

even in the “small” pPb

system!

In contrast: Jets as measured in the available kinematics
in ALICE (n, pt) suggest no strong CNM effects!
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ALICE Jet Quenching Measurements in PbPb
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ALICE Jet Quenching Measurements in PbPb

PLB 746(2015) 1

< 1.2
< L
- | ALICE Pb-Pb y5,=2.76TeV - Antik; A=0.2 |n |<05 pr*>5GeVic
e e I
* Data O - 10% DCorrelaled uncertainty + Data 10 - 30% [_]Correlated uncertainty
0.8 F # Shape uncertainty L i Shape uncertainty
| e— JEWEL -=es JEWEL
06: — YaJEM - - YaJEM
0.4 — —— PO
02
0 [ & 3 32 4 | " L 1 | | L L1 1 1 | - L1 [
0 50 100 50 100
PLB753(2016) 511 Fr(@VO Prja{GEVO
EN N 1 1 1 I T Ll 1 I T ] ] I 1 I ] I 1 T T -
= 0.3 B ALICE ~ ® v."™3050%, Statunc. _|
_ U Pb-Pb (5, =2.76 TeV
E [ R=02antik;, In <07 [_] Syst unc. (shape) ]
o i [ Syst unc. (correlated) ]
> ¥ ATLAS v™*"F30.50%
0.2158 ¢ CMS v/*"An>3} 30-50% _
- ALICE v *'{lani>2} 30-50%-
0.1~ ©® =
TR ¥ .
I_ . .
& -
0f- ¢
(b) | pT' — =>0.15 GeV/e, pr‘_d =3 GeVic :
1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1
0 20 40 60 80 100

p", pi* (GeV/e)



ALICE Jet Quenching Measurements in PbPb

PLB 746(2015) 1
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ALICE Jet Quenching Measurements in PbPb
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Jet Quenching in the QGP

perturbative QCD (pQCD, weak coupling)

Qo >> QF >> Q3 >> -
S2<< S << S5 << .-

Hadronization Jet

Jet 0, pt: 205.1 GeV

Jet 1, pt: 70.0 GeV

~

AdS-CFT (
R

Quark Gluon Plasma Vacuum Detector

(Qualitative) Consistent pQCD-type radiative jet energy
loss picture at RHIC and the LHC

Jet WS BNL 2016 (J. Putschke for the ALICE Collaboration) 9



® Jet Quenching in the QGP

perturbative QCD (pQCD, weak coupling)

Qi >> QF >> Q5 >>--
Sg << S} << 55 << o
Hadronization Jet

Energy Thermalization

e ST

Strong coupling,
AdS-CFT (String Theory)?

Detector

Quark Gluon Plasma Vacuum

(Qualitative) Consistent pQCD-type radiative jet energy
loss picture at RHIC and the LHC
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Jet Quenching in the QGP - ALICE Measurements

PID in Jets

Energy Thermalization

g
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Strong coupling,
AdS-CFT (String Theory)?

Jet Mass/Virtuality
(in progress)

Quark Gluon Plasma Vacuum Detect
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(Light flavor) PID in Jets in PbPb
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Unique capabilities in
ALICE at the LHC!
Important measurement
in pp in itself!

Lambda to K ratio in
jets significantly
lower than inclusive;
consistent with pp/
Pythia expectations
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Jet Shapes
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Radial moment (g) is a pt

weighted width of the jet:
collimated jets have lower g
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r,is distance beween Pr
Consituent i and jet axis
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p1D measures the dispersion of the

constituents in the jet: jets with
fewer constituents give higher ptD
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% Jet Shapes in pp
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Important QCD measurement in pp collisions in itself!
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Jet Shapes in PbPb
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— Indication of fewer jet constituents and larger pr dispersion in PbPb!
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% Jet Shapes in PbPb
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— Indication of fewer jet constituents and larger pr dispersion in PbPb!

g shifted to smaller values in PbPb wrt to Pythia
— Indication of more collimated jet cores (R=0.2) in PbPb!
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s Jet Shapes in PbPb: Model Comparison
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% Jet Shapes, Virtuality and (Jet) Fragmentation Functions (FF) ...

Jet WS BNL 2016 (J. Putschke for the ALICE Collaboration)
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FF ratio @ highz — 1
Jet Shapes indicate collimation

— Consistent with radiative
energy loss picture?



% Jet Shapes, Virtuality and (Jet) Fragmentation Functions (FF) ...
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II|

L, =140ub" |

PP > Euet(pp)

A

FF ratio @ highz — 1
Jet Shapes indicate collimation

— Consistent with radiative
energy loss picture?

In FF measurements:
EJet(pp)= EJet(AA)

(only small enhancement of
jet energy at low-z, few %)

> EJet(AA) But what about the virtuality

of the (leading) parton after

Initial parton energy > Ejet(AA) energy loss in the medium?

Jet WS BNL 2016 (J. Putschke for the ALICE Collaboration)
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% Importance of Virtuality/Jet Mass

Mjer = \/ E?, o p?, o X Virtuality

A. Majumder and JP, arXiv:1408.3403

©
p—y
@

> C 3
= L « Pythiag, Anti-K , R=0.7 N 10
8 016 pYet=70-80 GeV/c > Mono-energetic Pythia8 Jet (all particles) nl<0.3
o - T © 4 " . - Jet_
< —— LHC QGP Brick L=2fm e Leading Antl-KT, R=0.7 and P; =70-80 GeV/c
A . Leading Parton Mass M -
0.121— pPeron=70-80 GeV/c T [ ® 4 BaM <12
- “a
0.1 after energy loss 10 3 - *_T A 12<M <16
: C AA- A
0.08— A 16<M, <20
u 1k a4
0.06— - A—A- A
= A ta Ak
0.04— ) A A
= 10 E A, A" A—A-
0.02— A LA
= A L +
05 : =5 e =i . yo2 bl | T WY PTWEY P U 8 P
0 01 02 03 04 05 06 07 08 09 1
M, and M, [GeV] chymJet
z=p /pT

Comparing jets in AA with pp with the same (reconstructed) energy
might not be sufficient: not comparing apples-with-apples

Leading parton after escaping the medium expected to have
lower virtuality/jet-mass — will fragment harder wrt pp!

— Jet Mass measurements at the LHC necessary ... (in progress)

Jet WS BNL 2016 (J. Putschke for the ALICE Collaboration) 17



% Importance of Virtuality/Jet Mass

: : M. Ve j (2015); Toy model simulations
MJet - \/E?Iet a p3et m Vzrtual,l/ty w LB Iﬁ”l‘”l?lijl(l LI I{l LI IyITI I IeI T Illrrjlljlal ]II {71 T
: +2200 -
2 « Pythia8, Anti-K , R=0.7 = : o Probe E
g oo p¥=70-80 GeVic 82000 :— o = Raw t e
O 014 —— LHC QGP Brick L=2fm 1800F o) * Sub fndorder 3
o - Leading Parton Mass M - * Ub 2 Order .
0.12f~ pPaion=70.80 GeV/c 1600 ¢ Sub constituent 3
- after energy loss 1400F u . B
It : (i - anti-k. 3
0.08|- 12005— & * -. R=0.4 -
oosf- 1000 c? : s , E-scheme]
0.04 800 : C‘ . = pleet>40 B
0.02F- 600 é =
L C ® ] u -
- | - 400 3 » T
% 5 10 15 20 25 30 35 - = - -
M, and M_, [GeV] 200 @ - E
0
-10 0 10 20 30 40 50 60 70
.. : . : M
Comparing jets in AA with pp with let
: P . p Jet shape derivative method (area based):
might not be sufficient: not compz Soyez et al. arXiv:1211.2811
L in rton after ina th Constituent subtraction:
ead g pa t.O .a te escap g t Berta et al. arXiv:1403.3108
lower virtuality/jet-mass — will fr

— Jet Mass measurements at the LHC necessary ... (in progress)
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Soft Drop on One Slide

&)~ ()

Recursively drop
wide-angle soft radiation

P2

Based on declustering an
angular-ordered tree

New idea

Soft Drop Condition:

Z > Zeu 03
P

energy
threshold

angular
exponent

Final jet looks like
QCD splitting function

—e@—_ |0

|
/—dzP (2)

AP spllttlng function

Zg=min(pr,1,p12)/(P1,1+PT,2)

B parameter gives nice handle

[Larkoski, Marzani, Soyez, |DT, 1402.2657]

[see also Butterworth, Davison, Rubin, Salam, 0802.2470; Dasgupta, Fregoso, Marzani, Salam, 1307.0007]

Jesse Thaler — Lessons from Jet Substructure for Heavy lons

22

18



(¥) New idea: Measuring the QCD Splitting Function (in HI)

N 1d P;
=> ;é: 1/2 (zi) T

277 dz Pi(2)
Z > Zcut Zcut
arXiv:1502.01719
S m——— 7
: [ = Groomed Momentum Fraction
. - Herwig++, 13 TeV LHC .
6 Ry=05,48=0 -
' -==pr>50GeV ]
| do w100y | ~independent of «s
s N T pr>500GevV. 1 ~independent of jet pr (>30 GeV)
------- pr > 2000 GeV
1 ~same for quark and gluon
2k
Qb o
0.0 0.1 0.2 03 04 0.5 0.6

Jet WS BNL 2016 (J. Putschke for the ALICE Collaboration)



% Summary and Path Forward for Run I

PID in Jets

Jet-Hadron Correlations

Energy Thermalization

Strong coupling,
AdS-CFT (String Theory)?

Jet Mass/Virtuality

Vacuum Dete

Quark Gluon Plasma

Increased jet kinematics in ALICE in Run |l and new jet observables
— study color coherence; explore transition from weak to strong
coupling; explore the microscopic nature of the QGP ...
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